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was revived with the emergence of 
cognitive ethology. And the cycle of 
excess is being repeated, I think. All 
animals are proving to be really, really 
clever, and, more remarkably, in very 
human-like ways. Hmmm. That’s not 
a very interesting kind of evolution. 
And I wonder if a lot of the results 
we’re getting don’t have more to do 
with the way we’re conceptualizing 
the problems we put to animals. For 
example, do animals communicate 
symbolically? Well, the question itself 
kind of limits the possible answers 
and rules out all manner of other 
(perhaps unimaginable) possibilities. 
It’s a tricky problem. How do you 
ask appropriate questions about 
animal minds that aren’t colored 
by your own sense of the problems 
they face? Where’s your unbiased 
point of entry into their lives? I don’t 
have an answer, obviously, but I’m 
pretty taken by philosophers of 
mind and roboticists (like Clark and 
Brooks) who have advocated more 
decentralized, homeostatic, embodied 
and distributed models of cognition, 
and by folks (like Alberts) who have 
applied these models to real animals 
and real behavior. I think maybe this 
is where comparative psychology 
needs to go. And I think it’s going to 
show that much of what appears to 
be complex in behavior is actually 
fairly simple mechanistically, and not 
‘in the animal’ at all, but ‘in the world’, 
meaning in the loopy feedback nature 
of animal–environment engagement. 
And I think it’s going to show us that 
for humans too! That’s going to be the 
epiphany.
What do you see as problems in 
modern science publishing? A 
big one is anonymous review. It’s 
supposed to be the backbone of 
science, guaranteeing fairness and 
objectivity because anonymous 
reviewers can comment freely without 
fear of reprisal. But we know full well 
that anonymity also changes people’s 
behavior in many ways. You tip wait-
staff in your home-town restaurants 
way more than those in the far-flung 
places where you vacation, and you 
walk right past accident victims on 
crowded streets. Scientists are people 
too. So, the protection that anonymity 
affords also encourages self-serving 
biases, which actually leaves science 
spineless. And, really, you have to ask 
yourself: if you put your name on, and 
stand by, your own published papers, 
why would you not do the same in 
your reviews? If the evidence and 
logic you offer are equally sound in 
each, what do you have to fear?
Do you have any advice for young 
academics? Sure. Read. Read a lot. 
And read widely. And try to remember 
what you read. It helps. I’m not a big 
believer in ‘insightful discovery’ or 
the ‘Aha!’ moment in science. At least 
not as the kind of purely creative 
process it’s sometimes taken to 
be. I think most of what are called 
discoveries already exist really, in the 
dots of different disciplines, that just 
need to be glimpsed by a single pair 
of eyes in order to be connected. (If 
that makes sense? I’m not a big fan 
of metaphor either, but I use them 
all the time.) You’re never going to 
do anything other than create a dot 
or two with your own work if you 
don’t step-back to allow the broader 
patterns to ‘pop-out’. In other words, 
it’s ‘pattern recognition’ all the way 
down.
The other bit of advice is to ‘put a 
tiger-in-your-tank’ (my Mom used to 
say that before our hockey games) 
and go for it. This is cliched advice, I 
realize. But it’s no worse for it. Stick 
with what it is that gets you jazzed. 
And, in the end, you’ll carve yourself 
a little niche. This was easier maybe 
for me than it might be for some folks 
because I married young and my wife, 
Karen, always had an accomplished 
career. So I was relieved of the 
pragmatic constraint of earning a 
living (a constraint I basically still live 
free of). 
Oh yeah, and a final tip — really just 
the corollary of the above two — is, 
“Listen to what others have to say, 
then forget it and hoe your own row 
(like Ian). And marry smart (it helps 
with all that hoeing).” And, the more 
resistance you get for your ideas, the 
surer you should be that you’re on to 
something important. As Mark Twain 
said, “When you find yourself on the 
side of the majority, it’s time to pause 
and reflect.” I live by that refrain. I 
figure the bandwagon’s already pretty 
heavily loaded. Doesn’t need further 
deadweight. So, I’ll work on tossing 
some rocks in its path. (There I go with 
that metaphor stuff again.)
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What’s special about whale 
song? People have known about 
whale song since at least the early 
whaling days. In the nineteenth 
century whalers were referring to 
‘singers’ in their whaling logbooks. 
But it took until 1971 before a 
scientific description was published. 
Shortly thereafter, a commercial 
record was released that brought 
humpback whale (Megaptera 
novaeangliae) song home to stereo 
systems all over the world. Ever 
since, humpback whale song has 
been part of our culture, referred 
to often in books, movies and 
musical compositions. In the US, 
the National Aeronautics and Space 
Administration (NASA) even included 
whale song on a phonographic 
record sent into space aboard both 
Voyager spacecrafts. 
Whale song is scientifically 
interesting because of its distinct 
pattern of change in some species. 
In humpback whales, all males in 
a population tend to sing roughly 
the same song at any one time, but 
individuals that are within earshot of 
each other do not coordinate their 
songs to sing the same phrases 
at the same time. Intriguingly, this 
shared song changes gradually 
over the singing season, so that 
the shared song sung at the start 
of the season differs from the one 
we hear towards the end. This 
requires both vocal learning and 
coordination between whales, 
which is rare among mammals. 
Scientists using whale song for 
tracking and counting whales in the 
oceans have provided much new 
information on whale song. Whale 
song can inform us about population 
structure if we compare songs in 
different geographic areas. Songs 
of populations in different ocean 
basins are very different, while subtle 
variations within a basin can indicate 
relatedness.
Do all whales sing? No, only 
some of the baleen whales have 
been found to be singers. Song 
is defined as a repetitive acoustic 
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its delivery and is often produced 
for long periods of time by single 
individuals. Humpback whales, blue 
whales (Balaenoptera musculus), 
fin whales (Balaenoptera physalus) 
and minke whales (Balaenoptera 
acutorostrata) are all in the same 
family (balaenopteridae) and all 
produce song. There are hardly any 
studies on the other species from 
that family, so they may turn out 
to be singers as well. All identified 
singers have been male. Among the 
other baleen whales only bowhead 
whales (Balaena mysticetus) 
produce songs, while gray whales 
(Eschrichtius robustus) and right 
whales (Eubalaena sp.) have been 
studied extensively and it is safe to 
say that they do not sing. Toothed 
whales, such as sperm whales 
(Physeter macrocephalus), killer 
whales (Orcinus orca) and beaked 
whales, also do not sing.
What does it sound like? Whale 
song has been described as a 
composition of moans, snores, 
chirps and cries. They are all below 
4 kHz in frequency. Blue and fin 
whale songs are so low in frequency 
that parts of them are inaudible 
to humans. Humpback whales 
produce the most complex song 
of the lot. It consists of repeated 
phrases arranged in themes in a 
hierarchical structure, and can last 
from 6–35 minutes. Individual whales 
have been found to sing for up to 
22 hours, repeating the song over 
and over again.  Bowhead whales 
produce slightly less complex 
sequences but, like humpbacks, also 
appear to have one shared song in 
each population that changes over 
the season. Other whales do not 
seem to change their song much. 
Blue whales have relatively short 
songs lasting only around one 
minute. In contrast to humpback 
whale songs, blue whale songs have 
been observed to remain stable for 
more than two decades.
The most simple of whale songs 
is fin whale song. It consists of only 
very short, frequency-modulated 
pulses at around 20 Hz. Males have 
been found to produce such pulses 
over many hours in the breeding 
season. Recently, the minke whale 
has also been found to produce 
repetitive calling that looks like song. 
The call they use has been called a ‘boing’. It is frequently picked 
up on stationary hydrophones and 
scientists have wondered for over 
50 years who or what produced 
it before the minke whale was 
identified as the culprit.
What is the range of whale 
song? Fin and blue whales produce 
source pressure levels of up to 188 
decibels in reference to 1 µPa. This 
is a measure of how loud the sound 
is. It is the same as 162 decibels 
in reference to 20 µPa sound in air, 
because the reference values used 
in the two media are different. To 
give you a better idea, this is roughly 
equivalent to the noise you hear from 
a jet airliner taking off when you are 
standing next to the runway.
Sound travels much better 
underwater than in air, so that even 
the song of smaller whales can be 
heard at least ten kilometres away. 
The loud songs of blue whales have 
been detected successfully over 
more than a thousand kilometres 
from the singer. This has become 
apparent over the last decade 
when data from bottom-mounted 
hydrophone arrays designed for 
submarine detection were made 
available to biologists.
Why do whales sing? Given what 
we know about bird song, it is 
tempting to conclude that whale 
song functions in the same way. 
Many features of whale and bird 
song are alike. It seems that only 
males produce song and the main 
singing activity is in the breeding 
season. As is the case for bird 
song, however, it is likely that 
whale song has more than one 
function. Humpback whales forage 
in higher latitudes in summer and 
migrate to lower latitude breeding 
grounds during the winter. Studies 
on breeding grounds have found 
that song has the strongest effect 
on other males. Singers are spaced 
further apart from each other than 
are quiet males, but males often 
approach or even attack other 
singing males if they are close. 
This suggests that song is an 
intrasexual signal to keep other 
males away, and possibly to form 
or maintain relationships with other 
males. During their migrations to 
and from the breeding grounds, 
singers seek out females and 
increase singing effort when joining females. It appears that migrating 
humpbacks take a more active role 
in approaching females while the 
breeding system on the wintering 
grounds has been described as a 
floating lek, where female choice 
may be the more relevant factor for 
mating decisions.
Various authors have pointed out 
that whale song is also ideal for 
locating large obstacles and that 
whales might use these sounds as 
a form of echosensing. This may be 
a possible function for other whale 
sounds, but it seems an unlikely one 
for song since only males sing.
The coordinated change over 
time in humpback and bowhead 
whale song is difficult to explain 
and remains one of the mysteries 
of whale song. It is possible that 
a coordinated acoustic display is 
necessary within a population to get 
females interested in mating while 
each male also tries to be sufficiently 
different to attract females to itself. 
Subtle changes introduced by one 
individual might then be copied by 
the next which could explain the 
shared song that slowly drifts in its 
structure over time.
Have there been any cultural 
revolutions in whale song? 
Because humpback whale song 
is highly structured with very 
predictable transitions between 
themes within a song, it is relatively 
easy to map its change from 
one year to the next. While song 
structure changes considerably 
every year, it usually takes 15 years 
before a humpback whale song 
has changed completely within a 
population. In 1996, however, a 
handful of humpbacks from the 
western Australian population 
invaded eastern Australian breeding 
grounds and this resulted in a 
complete change of song within 
only two years. The eastern animals 
simply switched to the western song. 
Because vocal learning is required 
for such a change, this was called a 
cultural revolution. It is unclear why 
a large population of whales would 
change its song so quickly and 
what it was in the western song that 
helped it outcompete the eastern 
one.
Are all whale songs this unstable? 
No, blue whale songs have been 
reported to remain the same for 
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other group members, individuals 
of social species can potentially 
gain from others’ knowledge of a 
range of costs and benefits that are 
associated with place, including 
local level of predation risk, locations 
of optimal feeding sites, and what 
is edible there. Note that these 
gains come automatically from 
behavioural matching, not as a result 
of knowledge transfer.
Behavioural synchrony is in 
fact reported in a wide range of 
social animals, and extends to a 
detailed level of activity copying, 
such as preening together [1], or 
the nearly simultaneous turning 
of each individual in a flying flock 
of shorebirds that generates such 
spectacular aerial acrobatics. 
In some instances, the adaptive 
function of behaviour matching is 
less obvious. Contagious yawning 
is found in chimpanzees as well as 
humans, and the synchrony appears 
to involve arousal level as well as 
overt activity: one possibility is 
that synchronization of sleeping is 
adaptive, or was in human ancestry. 
Human yawning is also contagious to 
dogs, but it is not yet known whether 
dogs affect each other in this way: 
in a long-domesticated species, the 
function may instead relate to how 
dogs mesh with human behaviour. 
Cognitively, imitation that 
produces immediate behavioural 
synchrony requires an individual to 
recognize specific actions in others’ 
behaviour that are already in its own 
repertoire. This sort of copying may 
be understood simply as response 
facilitation, where seeing an action 
‘primes’ the individual to do the same 
[2,3]. No special mechanisms are 
required to understand performance 
of the action, as no new behaviour is 
added to the individual’s repertoire. 
Conveying a social message
A different kind of imitation is when 
the copying itself conveys a social 
signal. Postural mimicry, in which 
two people who like or love each 
other quite unconsciously adopt 
the same or a mirror image of body 
posture has long been noted by 
social psychologists. Very young, 
even new-born infants copy the 
facial gestures of adults interacting 
with them, for instance smiling or 
tongue-protrusion [4]. This ‘neonatal 
imitation’ may increase maternal 
investment in the child by signalling 
Animal imitation
Richard W. Byrne
The term ‘imitation’ has a range 
of meanings in everyday usage 
and no single agreed definition in 
science. In biology, imitation has 
usually referred to morphological 
adaptations for camouflage or 
mimicking the appearance of another 
species (Figure 1). Only recently 
has there been intense interest 
in the imitation of behaviour by 
animals; animal learning theory has 
traditionally ignored imitation. One 
purpose of this Primer is to help 
explain why researchers do now care 
about animal imitation; another is 
to chart the various kinds of action 
imitation that may be important for 
biology and illustrate the sometimes 
confusing array of terms that have 
been coined to describe them. 
Among the variety of definitions of 
‘imitate’ found in English dictionaries, 
three quite distinct senses are 
generally apparent. All three have 
biological equivalents in the adaptive 
functions served by animal imitation, 
and I shall use these as a structure 
to understand what cognitive 
mechanisms are required for the 
different forms of imitation. 
Aiming to resemble
One objective of imitation in 
everyday life is to resemble as 
closely as possible the individual 
whose behaviour is copied, usually 
because their behaviour is judged to 
be admirable or because the imitator 
wishes to be seen as like them in 
some key ways (“imitation is the 
sincerest form of flattery”). There 
are several circumstances in which 
animal imitation of this sort might be 
adaptive; most are cases where the 
imitation is immediate and the result 
is behavioural synchrony.
Predators are thought to target 
individuals that stand out in some 
way, so behaving just like other 
members of a flock or herd may 
reduce risk. A general tendency 
to match the current actions of 
others, when in a group, might 
therefore be expected to evolve 
in social species. Moreover, by 
copying the current behaviour of 
Primerdecades. Worldwide, there are at least nine different populations 
based on song differences. In the 
North Pacific, there are distinct 
Northeast and Northwest Pacific 
song types. Some of these whales 
are able to hear each other’s songs 
in the central Pacific where more 
than one song can be recorded in 
the same area. It is unclear whether 
animals using different song types in 
the central Pacific breed with each 
other, but animals in the western 
and eastern North Pacific do not 
use the song of the other population 
and concurrent recordings of both 
types in the central Pacific are not 
very common. It remains to be seen 
whether some blue whales in the 
central Pacific have learned to use 
both song types or whether animals 
just keep the song identified from 
their population for life. Given the 
distribution of blue whales and the 
geographic and temporal variation 
of song types, it appears that vocal 
learning does not come into play. 
As in many cases with animals that 
cannot be studied in the laboratory, 
further data are needed to draw such 
conclusions with confidence.
Where can I find out more? 
Discovery of Sound in the Sea http://www.dosits.
org/
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